Food-borne Salmonella infections can produce symptoms from mild gastroenteritis to severe systemic disease and death, representing an important public health issue in U.S. livestock and livestock products, which have been implicated as frequent sources of Salmonella contamination. Concerns have been raised about the spread of antibiotic resistance in Salmonella strains, particularly those that originate from food animal sources, as a result of prophylactic and therapeutic antimicrobial use in these species. Longitudinal comparisons of Salmonella serovars isolated from porcine tissues submitted to the Iowa State University Veterinary Diagnostic Laboratory in 2003 and 2008 were conducted to evaluate changes in serovar dynamics and antimicrobial resistance. Incidence of recovered group C Salmonella enterica serovar Choleraesuis var. Kunzendorf decreased between 2003 and 2008, while recovery of group B strains Salmonella Typhimurium var. 5-(formerly, Copenhagen), Salmonella Agona, Salmonella Derby, Salmonella Heidelberg, and Salmonella Typhimurium increased. Significant changes in resistance interpretation were seen in Salmonella Derby with regard to spectinomycin and sulfadimethoxine; in Salmonella Heidelberg with regard to florfenicol, spectinomycin, and sulfadimethoxine; and in Salmonella Choleraesuis var. Kunzendorf, Salmonella Typhimurium, Salmonella Typhimurium var. 5-, and Salmonella Agona with regard to spectinomycin. Only 2 of 293 isolates in 2003 and 5 of 395 isolates in 2008 were resistant to enrofloxacin. Utilizing antibiotics approved for use in food animals to evaluate antimicrobial resistance provides more specific information on the selection pressure exerted on Salmonella populations through the use of these drugs.
<!?show "fnote_aff1"$^!"content-markup(./author-grp [1] /aff|./author-grp [1] /dept-list)> Salmonella is one of the most common food-borne pathogens in the United States, with 40,000 confirmed cases reported annually and subclinical infections estimated at 1.2 million per year (http://www.cdc.gov/salmonella/). 1, 16 According to surveillance conducted by the Centers for Disease Control and Prevention (CDC) on food-borne illnesses confirmed in 2006, Salmonella infections accounted for 25.6% of hospitalizations and 30.6% of deaths due to food-associated intoxications; thus, these infections represent a significant public health concern. 6, 14, 16, 20, 23 Of the Salmonella isolates from human cases of food poisoning in 2005 identified by the CDC's FoodNet, 6 serovars accounted for 61% of isolates recovered: Typhimurium (19%), Enteritidis (18%), Newport (10%), Heidelberg (6%), Javiana (5%), and Salmonella 4,5,12 (3%), all of which have been isolated from animals. 4, 7, 16 The overlap of serovars recovered from animals and humans highlights the risk of transmission between them. 3, 6, 16 Livestock species are frequently implicated as sources of Salmonella infections in humans, either through the ingestion of contaminated food products or via direct contact. 5, 23 Infections with host-adapted strains such as Salmonella Choleraesuis var. Kunzendorf as well as hostnonspecific strains such as Salmonella Typhimurium produce a variety of disease syndromes in swine, including septicemia, enteritis, and respiratory disease. 3, 6, 9, 22 Antimicrobial use in food-producing animals is aimed at decreasing the morbidity and mortality associated with clinical disease as well as increasing growth 9 and is often implicated as the cause for the development and spread of strains demonstrating antibiotic resistance. 4, 12, 23 Authors of many studies that evaluate swine Salmonella isolates for antimicrobial resistance patterns perform testing on fecal isolates from swine operations, environmental samples, or slaughter specimens rather than on clinical isolates. 2, 15, 18, 21 In addition, these isolates are often evaluated for susceptibility to antimicrobials used in humans and not for those labeled for use in food animals. 3, 16 The objective of the current study was to evaluate serovar distribution and antimicrobial susceptibility interpretations of swine Salmonella isolates from clinically ill pigs in diagnostic samples submitted to the Iowa State University Veterinary Diagnostic Laboratory (ISU VDL; Ames, Iowa) during 2003 compared to those submitted during 2008 and to determine if changes in prevalence or resistance could be identified. The hypothesis was that there was no difference in antimicrobial resistance in the serovars from 2003 to 2008.
Records of Salmonella serovars isolated from various clinical samples, including tissues and intestinal contents from ill pigs submitted to the ISU VDL in 2003 and 2008, were examined for serovar identification and antimicrobial susceptibility testing results. Samples from nonclinical animals were excluded from analysis. Bacterial identification was performed using biochemical testing, Gramnegative identification 96-well biochemical plates, a and serological tests. Serovar determination and confirmation was performed at the National Veterinary Services Laboratory (Ames, IA).
Susceptibility determinations were performed by microbroth dilution methods using an automated system. a Minimum inhibitory concentration (MIC) determinations were performed in accordance with criteria provided in M31 [A2] b (2003 isolates) and M31 [A3] c (2008 isolates). The MIC interpretations of ''intermediate'' were considered ''resistant'' to more stringently identified changes in resistance patterns between the 2 time periods. Isolates identified in 2003 were tested against 17 antimicrobials, including ampicillin, ceftiofur, chlortetracycline, clindamycin, enrofloxacin, erythromycin, florfenicol, gentamicin, neomycin, oxytetracycline, penicillin, spectinomycin, sulfadimethoxine, tiamulin, tilmicosin, trimethoprim-sulfamethoxazole, and tylosin. Isolates identified in 2008 were tested against all of the above antimicrobials with the exception of erythromycin; additionally, danofloxacin and tulathromycin were included in the panel. Escherichia coli American Type Culture Collection (ATTC) 25922, Pseudomonas aeruginosa ATTC 27853, Enterococcus faecalis ATTC 29212, and Staphylococcus aureus ATTC 29213 were used as quality control organisms. ''Percent resistant'' was calculated as the number of isolates classified as ''intermediate'' or ''resistant'' divided by the total number of isolates tested and expressed as a percentage. Statistical comparisons between levels of resistance to each listed antimicrobial between the 2 time points were performed using Fisher's exact test at the P , 0.05 level of significance using SAS statistical software. Numbers and percentages of the most frequently isolated serovars demonstrating low and high levels of antimicrobial resistance are presented in Figures 1 and 2 , respectively. Statistically significant differences (at P , 0.05) in antimicrobial resistance between 2003 and 2008 were present in Salmonella Typhimurium, Salmonella Typhimurium var. 5-, Salmonella Choleraesuis var. Kunzendorf, and Salmonella Agona with regard to spectinomycin; in Salmonella Heidelberg with regard to florfenicol, sulfadimethoxine, and spectinomycin; and in Salmonella Derby with regard to sulfadimethoxine and spectinomycin.
The results of the present study indicate that clinical cases associated with Salmonella Choleraesuis var. Kunzendorf have decreased in frequency over the time period under study. The vast majority of these isolates (163/168 [97.0%] in 2003 and 52/59 [88.1%] in 2008) were detected in tissues outside of the intestinal tract, and 44.0% (74/168) were recovered from both GI and non-GI sites in the same animal. Although this serovar is considered host-adapted for swine, it has been associated with severe disease in humans. 6, 13, 16 The decreased incidence of this serovar from clinical swine isolates may be due to the increased efficacy of Salmonella Choleraesuis var. Kunzendorf vaccines used in swine production systems. 10 During this same time period, total isolates and cases of several group B serovars, including Salmonella Typhimurium, Salmonella Derby, Salmonella Agona, and Salmonella Heidelberg, and group C serovar Salmonella Infantis have increased. Since these serovars are included in the 20 most frequently identified Salmonella serovars in human infections, 6 further investigations into the epidemiology of swine Salmonella isolates is warranted. 16 The dramatic increase in Salmonella Typhimurium var. 5-may represent an emerging risk to both swine and human populations, as this serovar appears to be filling a niche created by the decline in Salmonella Choleraesuis var. Kunzendorf cases. This trend may be due to changing dynamics of concurrent swine diseases or it could indicate increased virulence associated with specific serovars. Although recovery of Salmonella Typhimurium var. 5-from non-GI tissues decreased from 2003 (13/39, 33.3%) to 2008 (7/120, 5.8%), the incidence of systemic disease associated with this serovar increased over these same time periods. In 2003, just over one-half (20/39, 51.2%) of the cases in which Salmonella Typhimurium var. 5-was isolated presented with signs of systemic disease. In 2008, 68.3% (82/120) of these submissions had systemic illness, indicating that this serovar may be increasing as either a primary or secondary infectious agent.
The 2006 USDA National Animal Health Monitoring System (NAHMS) survey on swine health and management evaluated samples from a random collection of swine operations in 17 states. The NAHMS study found that Salmonella Derby was the most frequently isolated serovar (29.3%) when it came to fecal samples, followed by Salmonella Typhimurium var. 5-(22.6%), Salmonella Agona (10.8%), and Salmonella Anatum (7.5%). Examination of clinical samples demonstrated that while Salmonella Derby was identified much less frequently in the current study than in the NAHMS report, the incidence of this serovar increased between 2003 (6.1%) and 2008 (9.4%). Similar increases were noted with Salmonella Agona (2.4% in 2003, 7.6% in 2008) and Salmonella Anatum (0.3% in 2003, 2.0% in 2008), signifying that Salmonella serovars shed in the feces of nonclinical animals may present an increasing risk for producing clinical disease in swine. Additionally, the observation that Salmonella Typhimurium var. 5-appears to be more frequently associated with clinical disease in swine has been reported by other diagnostic laboratories. 9 Although the NAHMS survey focused on resistance patterns against human antimicrobial drugs and not those labeled for use in food animals, comparisons based on antimicrobial class demonstrate similar results to this study. The NAHMS study found that tetracycline (78.6%), sulfa drugs (67.3%), and spectinomycin (53.3%) demonstrated the highest levels of resistance across all Salmonella serovars; that resistance to ceftiofur (14.6%), potentiated sulfonamides (7.5%), and gentamicin (2.1%) remains relatively low; and that resistance to fluoroquinolones (nalidixic acid [0%] and ciprofloxacin [0%]) was not identified. Veterinary antimicrobials evaluated in the present study showed similar resistance patterns in clinical isolates. Resistance to tetracyclines (chlortetracycline, oxytetracycline) ranged from 74.6% to 100%, while resistance to fluoroquinolones remained very low (0-8.8%).
Assessments using livestock-approved antimicrobials provide the ability to detect emerging patterns of resistance development due to use of these antibiotics over time. In the current study, increased resistance to spectinomycin was the most widespread resistance pattern detected; however, the interpretive criteria used to define resistance to spectinomycin in 2003 were different from those used in While most Salmonella serovars are resistant to many of the antimicrobials available for veterinary treatment, resistance levels have not changed appreciably over the 5year period from 2003 to 2008. Of primary concern is the increased resistance to sulfadimethoxine and spectinomycin demonstrated by Salmonella Derby, since this serovar is the most common one isolated from healthy swine and pork products and may represent an emerging risk to human food safety. Additionally, Salmonella Heidelberg showed the highest levels of resistance to all veterinary antimicrobials evaluated in this study.
Very few isolates of any of the serovars demonstrated any resistance to enrofloxacin, the only labeled fluoroquinolone in use during both time periods. Mutations in the bacterial gyrA gene that encodes for DNA gyrase represent the most commonly identified mechanism of resistance development to fluoroquinolones in Campylobacter 17 and had been demonstrated in Salmonella. 8 Escalating fluoroquinolone resistance reported in human Salmonella cases 13 was not detected against enrofloxacin in these and other swine-recovered isolates. 9 In addition, resistance to the newer fluoroquinolones, such as danofloxacin, evaluated against the 2008 ISU VDL isolates and by a previous study in Indiana, 9 and ciprofloxacin, evaluated in the 2006 NAHMS study, has not been demonstrated.
The present study identified the changing patterns in antimicrobial resistance and in clinical swine Salmonella serovars identified at the ISU VDL. While these isolates do not represent a random sample of the livestock population and are biased toward animals that had received prior antimicrobial therapy, this review does provide information on the bacteria most likely to be placed under antibiotic selection pressure. Critical monitoring of these patterns is necessary to elucidate changing dynamics of Salmonella pathogens in swine and to protect the human food supply. 
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